According to the European Air Quality (AQ) Directive, Member States must report annually their AQ to the European Commission (EC). This report can be based on modelling data if the concentration levels do not exceed the established lower assessment thresholds (LAT), or on combining data from modelling and monitoring systems (supplementary assessment methods), if concentrations levels are below the upper assessment threshold (UAT). For the remaining cases, modelling techniques could be applied to provide additional information. In Portugal, the report has been based on monitored data. However, the AQ assessment for the 5-years period 2006-2010 indicates that modelled data can be used alone or combined with monitored data for almost the entire country. This work presents a methodology that combines air pollutant concentration values from monitored data and from a numerical modelling system to deliver information to the AQ assessment report. The AQ combined data were evaluated using the DELTA tool, developed under the FAIRMODE's activity, verifying the fulfilment of all the defined quality criteria. Additionally, crossing improved concentration fields with geo-databases of land cover, road-maps and demography, using GIS tools, it is possible to quantify exceeding areas, population exposed to exceeding levels or vegetation areas exposed to pollutant levels higher than the vegetation protection thresholds. This methodology produces improved information, especially for areas where the amount of fixed monitoring stations is sparse or non-existent, allowing to obtain a better and broader overview of the AQ in Portugal using this modelling approach to support AQ reporting to the European Commission.
INTRODUCTION
The European 2008/50/CE Directive on ambient air quality and cleaner air for Europe requires that European Union (EU) Member States annually report their air quality (AQ) information. The mandatory reporting includes the list of zones and agglomerations (ZA) where levels exceed or do not exceed lower and upper assessment thresholds (LAT and UAT) and a set of information related to these ZA, namely: the area, the road length, the population and the vegetation areas exposed to concentrations above the critical level or the limit value, regarding a specific atmospheric pollutant (SO 2 , NO 2 , NOx, PM10, PM2.5, C 6 H 6 , CO and O 3 ).
Traditionally, the AQ assessment has been based on monitoring data but, due to sparse or non-existent number of fixed monitoring stations, this assessment is limited. According to the AQ Directive, Member States can report their AQ assessment based on modelling techniques alone if the concentration levels do not exceed the LAT, or combined with fixed measurements for concentrations below the UAT. Modelling approaches can provide complete spatial coverage information, but models always are uncertain and their results can also be biased (Monteiro, A. et al., 2013) . In order to improve the modelling data and the spatial representativeness of the information to report, a methodology that combines air pollutant concentration values from monitored data and from a numerical modelling system was developed and is presented in this paper. The results of this methodology application can be used for AQ reporting to the European Commission purposes, for all the ZA which concentration levels are under the LAT.
METHODOLOGY
Previous to the AQ assessment using modelling techniques, it is necessary to classify each ZA regarding their assessment thresholds (LAT and UAT), based on monitored data for a five years-period. This classification was done for the 2006-2010 period as described in Annex II of the AQ.
The AQ for 2010 was simulated by a modelling system composed by the Mesoscale Meteorological Model (MM5) (Dudhia, 1993) and the EURopean Air Pollution Dispersion -Inverse Modelling (EURAD-IM) (Elbern, H. et al., 2007) . The MM5-EURAD-IM modelling system was applied using nesting capabilities until a resolution of 55km 2 over mainland Portugal. As discussed in previous works (Monteiro, A. et al., 2013) , AQ modelling system results have biases that could be removed through bias correction techniques. Traditionally, the bias correction aims to remove potential errors intrinsic to each model formulation or input data. In this work, a bias correction technique -multiplicative ratio correction (RAT, McKeen, S. et al., 2005) -was used to combine data from modelling and monitoring. The RAT is a simple approach mathematically expressed by (1).
The correction factor is calculated as the quotient between the additions of observed (C obs ) and modelled concentrations ( raw el C mod ) at a particular hour (h) of the n days. According to Monteiro, A. et al. (2013) , this technique should be applied for a four-day training period (n=4, RAT04), including the three past days and the current day, as a compromise between having a period sufficiently long to gather adequate statistics but not so long as to mask seasonal variations. Moreover, synoptic conditions are characterized by a three-to four-day period (Stull, R.B., 1988; Tchepel, O. and Borrego, C., 2010) . Thus, the RAT04 final results are a fusion of observed and modelled data for several legislated pollutants, namely NO 2 , NOx, SO 2 , O 3 , PM10, PM2.5, CO and C 6 H 6 , and it could be applied to assess AQ in ZA below the UAT, as a supplementary assessment method. Since the RAT04 is a site-specific approach that uses groundbased measurements and simulated data at each monitoring site to revise and improve the model data hourly, a mean ratio founded for each pollutant was applied to each cell of the domain grid in order to obtain correct modelling data for the entire domain.
For the modelling and monitoring data treatment specific monitoring stations, are from the AQ monitoring network of mainland Portugal (http://www.qualar.org/), were selected based on the spatial coverage, the background influence, a minimum data collection efficiency of 85% and the measured pollutants. As a result, a total of 22 monitoring stations were selected for the present study: 15 for O 3 /NO 2 , 8 for SO 2 , 6 for PM10/PM2.5, 8 for CO and 4 for C 6 H 6 . However, in the specific case of C 6 H 6 , just one background station met the criteria. Thus, 1 industrial and 2 traffic stations were also selected. Figure 1 shows the location and the influence type of the selected stations in the study domain. The AQ modelling results from RAT04 were evaluated using the DELTA tool (Thunis, P. et al., 2011) , developed under the FAIRMODE activity (http://fairmode.ew.eea.europa.eu/). The verification of the fulfilment of all the defined quality criteria was based on the Target Plot and the Taylor Diagram, as well as on a set of statistical parameters. For the pollutants not currently included in the DELTA Tool (CO, SO 2 and C 6 H 6 ), the evaluation was performed based on the same statistical parameters used by the DELTA Tool.
Finally, the application of GIS tools allowed crossing concentration fields from RAT04 with geodatabases of land cover (Corine Land Cover 2006), road-maps (Tele Atlas ® MultiNet ® ) and demography, in order to estimate the required information on exceeding areas, population exposed to concentration levels that exceed limit values for human health protection or vegetation areas exposed to pollutant levels higher than the vegetation protection thresholds.
RESULTS

Classification of the zones and agglomerations regarding their assessment thresholds
Based on the AQ monitored data from 2006 to 2010, the ZA where AQ measured levels exceeded or not UAT and LAT were listed (Table 1) . Table 1 -ZA for which concentration levels are below the LAT (green), between LAT and UAT (yellow) and above UAT (red), during the 5-years period (2006) (2007) (2008) (2009) (2010) . The assessment thresholds are related to limit values for the protection of the human health and to critical levels for the protection of vegetation and natural ecosystems. Blank cells: no data available. According to what was previously mentioned, for the ZA below the UAT (green and yellow cells on Table 1 ) it is possible to combine data from monitoring and modelling as a supplementary assessment method.
Zone/ agglomeration
AQ assessment with RAT04 technique
The evaluation of the RAT04 performance and uncertainty (based on the DELTA Tool), showed in Table  2 , indicate that the RAT04 technique produce effective results for AQ assessment reporting purpose, for all the studied pollutants. All the statistical indicators are generally in accordance to the quality objectives proposed by FAIRMODE (Tunis, P. et al., 2011) , with exception of the target values for NO 2 and PM10 which are slightly higher than the recommended values. The low R and IOA founded for SO 2 and C 6 H 6 , could be related to high uncertainty on emission inventory or to inaccurate representation of emissions sources (mainly to power plants and manufacturing and transformation industry).
RAT04 and GIS tool application as an AQ supplementary assessment method
As an example of the results from AQ supplementary assessment method application based on data combination from monitoring and modeling systems, Figure 2 shows the crossed information regarding the RAT04 NO 2 annual mean concentration fields, population and the road network. For NO 2 annual mean concentrations, AML Sul was one of the ZA with NO 2 annual mean concentration values below the UAT, for the 2006-2010 period (Table 1) and also with exceedance of the limit value for human health protection (40 µg.m -3 ). According to the crossed information, it was found that, in 2010: 50.94 km 2 of the AML Sul's territory, 121.46 km of road network length and approximately 386000 inhabitants affected by NO 2 annual mean concentration values higher than the limit value.
CONCLUSIONS
Aiming to obtain a better assessment of the AQ to support annual reporting to the EC, a methodology combining data from monitoring and modeling approaches, based on the RAT04 bias-correction technique was applied to Portugal for 2010. RAT04 is simple to apply and allows obtaining AQ information for the entire study domain, even in areas where the amount of fixed monitoring stations is sparse or non-existent. The AQ data from the supplementary assessment method proposed can be crossed with geographical databases, through GIS tools, in order to quantify the parameters requested by the AQ Directive. Moreover, a regular application of this methodology can support a reduction of the number of the monitoring stations where concentration levels are lower than LAT, not compromising the reliability of the information in the AQ annual report.
